A hyperlipidemic rat model was used to examine the therapeutic effect of Sempervivum tectorum plant extract on the metabolic alterations of Al, As, B, Ba, Cd, Hg, Ni, Pb, and Ti in the liver and bile. Hyperlipidemia was produced by lipogenic diet and alcohol and verified by morphological investigation of the liver with the aid of light and an electron microscope. Element concentration in the liver and bile were determined by inductively coupled plasma optical emission spectrometry (ICP-OES). The concentration values in the liver higher than the detection limit (Al, Ba, Ni, Ti) were unambiguous. Significant differences were found for the four groups at p < 0.05 level (ANOVA). A significant difference was observed between Al and B concentration in the bile fluids of the 4 groups ( p < 0.05). The excretion of Al and Ti into the bile fluid increased significantly ( p < 0.05). Following the administration of S. tectorum extract to rats with hyperlipidemia, the excretion of Al, B and Ba increased, whereas the excretion of Ti decreased significantly ( p < 0.05). The favorable action of the extract (protecting the liver in hyperlipidemic rats) was verified by morphological studies, and its detoxicating property was shown by the elimination of Al, Ba, Ni, and Ti from the liver.
INTRODUCTION
In folk medicine, the Sempervivum tectorum L. (Crassulaceae) plant has been used for thousands of years for the treatment of ear inflammation (Penso, 1982) . The lyophilized extract of Sempervivum tectotrum L. has liver-protecting and lipid-lowering properties (Blázovics et al., 1993a) . This effect may be attributed to antioxidant compounds such as flavonol glycosides, polyphenols, phenolcarboxylic acids, polysaccharides, etc. (Blázovics et al., 1993b; Abram and Donko 1999; Stevens et al., 1996) . In the case of liver damage, significant changes occur in the metabolism of macro-, mesoand micro elements, amino acids, proteins and fatty acids, enzyme operation, vitamin supplementation and the oxidation state of cells (Milman et al., 1986; Cardin et al., 2002; Saito et al., 1994; Agha et al., 1995; Blázovics et al., 1997; Lieber 1991) . The metabolic alteration of fatty liver may cause significant changes in the composition of liver and bile fluid . In liver damage, one of the liver's most important activities-of its various functions such as excretion of bile fluid and storage of minerals-is detoxication by a mixed-function oxidase system that may be impaired (Blázovics et al., 2000) .
The purpose of this study was to examine the metabolic changes of toxic (As, Cd, Hg, Ni, Pb) and nonessential elements (Al, B, Ba, Ti) in the liver and bile in hyperlipidemic rat models by treatment with a Sempervivum tectorum extract.
MATERIALS AND METHODS

Plant Materials
The preparation and standardization of the lyophilized extract of Sempervivum tectorum L was performed by the Institute of Pharmacognosy, Semmelweis University, as described in an earlier paper (Blázovics et al., 1993) . The results of element analyses of the lyophilized S. tectorum extract showed that no toxic elements could be detected, although a significant amount of aluminum and barium concentration was measured (Table 1) compared with that of the average plant or extract (Kabata-Pendias and Pendias, 1984; Then et al., 2000; Szentmihályi and Then, 2000) .
Hyperlipidemic Rats
Young male Wistar albino rats (average body weight 150-200 g) were used in the experiment from the same litter of rats. The animals were divided randomly into 4 groups, each consisting of 5 animals. The animals in group one were fed with a normal diet obtained from Biofarm Farm Promt Kft (BFP, Gödöllõ, Hungary). The animals in group 2 were fed with a normal diet and treated with the lyophilized extract of S. tectorum (200 mg extract/kg of body weight dissolved in drinking water). The animals in group three were fed with a fat-rich diet containing cholesterol (2.0%), sunflower oil (20%), and cholic acid (0.5%) added to the control BFP, and they were given alcoholic water (3%) to drink. The animals in group 4 were fed with the same lipogenic diet and treated with the lyophilized extract of S. tectorum [200 mg extract/kg body weight dissolved in drinking water that similarly contained alcohol (3%)]. The rats were kept on the diets for 9 days. . 32, No. 1, 2004 DETOXICATING EFFECT OF Sempervivum 51 The animal model is favorable, since the time range of experiment is relatively short, and the results are reproducible. Laboratory parameters (ALP, GOT, GPT, total cholesterine, triglyceride, bilirubin etc.) verified that the hyperlipidemia in rats develops within 9 days (Blázovics et al., 1993a (Blázovics et al., , 1993b . The antioxidant and membrane-protecting effects of Sylibum marianum, Raphanus sativus and S. tectorum extracts were proved within that time (Abram and Donko, 1999; Blázovics et al., 1992 Blázovics et al., , 1993a Blázovics et al., , 1993b György et al., 1992; Hagymási et al., 2001; Kocsis et al., 2002; Szentmihályi et al., 2000a Szentmihályi et al., , 2000b . The dose of extract was calculated to be below the letal dose (2,276 mg/kg body weight for male rats after ip administration) (György et al., 1992) . This study was approved by the Regional Committee of Science and Research Ethics Semmelweis University, Permission Number TUKEB 24/1996.
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Experimental Protocol
The rats were anesthetized with Nembutal (50 mg/kg of body weight) for deep narcosis. After laparotomy, the biliary duct was cannulated with a plastic cannula. The bile was collected in a plastic tube for 2 hr (the entire time). After operation, the animals were euthanized by decapitation while under general anesthesia.
Histological Method
Specimens of the liver were prepared for light-microscopy and electronmicroscopy. For light-microscopy, small pieces of the liver were fixed in 4% neutral buffered formalin and emebedded in paraffin, and 5 µm slices were cut and stained with haematoxylin-eosin. For electron microscopy, the materials were fixed in 4% paraformaldehyde-containing 0.1% glutaraldehyde in phosphate buffer (pH 7.3)-postfixed for one hour in 1% OsO 4, dehydratedand embedded in Durcupan. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a Tesla BS 500 transmission electron microscope. The liver samples for EM were taken both centrilobular and periportal.
Measurement of Ion Concentrations
Element concentrations in the liver and bile were determined by ICP-OES (inductively coupled plasma optical emission spectrometer) using Atom Scan 25 (Thermo Jarrell Ash), a sequential plasma emission spectrometer. The following elements were determined in 3 parallel measurements: aluminum (Al), arsenic (As), boron (B), barium (Ba), cadmium (Cd), mercury (Hg), nickel (Ni), lead (Pb), and titanium (Ti). Three times 3-sec integration times were applied during the measurements. Blank subtraction was applied to avoid the positive effects of measured elements present in chemical reagents, as contaminant and background correction was selected to minimize spectral interferences (Montaser and Golightly, 1987) . Standard solutions were made from Merck (Merck Ltd, Darmstadt) ICP standards. Since ICP shows a matrix effect, the standards were placed in the same matrix (HNO 3 (5%) solutions) as the samples. The instrumental detection limit (IDL) of an element is the smallest concentration that could be detected with the analytical method. The actual detection limits (ADL) were calculated from the IDLs of the elements, the weights of samples (W) and the final volumes (V) as follows: ADL = IDL * V/W.
Sampling
The extract, liver and bile samples (1 g) were digested with a mixture of HNO 3 (5 mL) and H 2 O 2 (3 mL) in Teflon vessels. After digestion, the samples were diluted to 25 mL with deionized water. The sample used for verifying the correctness of the method was the control liver sample.
Repeatability Measurements
After digestion of the liver, the solution was measured 4 times a day for 4 days. The daily means with standard deviations were compared by ANOVA test.
Reproducibility Measurements
Three sample preparations were carried out from the same liver for 3 days. Each sample was measured 4 times a day.
Recovery Study
A known amount of standard solution (1 mL solution containing Al, As, B, Ba, Cd, Hg, Ni, Pb, and Ti of 25 µg/mL) was added to the liver sample, then it was sampled as usual. The data of repeatability and reproducibility as well as the results of the recovery study are shown in Table 2 . The conditions of acceptance were as follows: p > 0.8 among the daily data and, due to the very low concentrations, RSD < 10% (RSD = SD/mean * 100) both in case of repeatability and reproducibility. There were no significant differences ( p > 0.8) among the daily data (means with SD) and RSD < 10% both in repeatability and reproducibility measurements.
Statistical Analysis
Means and standard deviations (SD) were calculated from the results. For comparison of the means, 1-way analysis of 0.081 ± 0.022 * , * * 0.140 ± 0.039 * 0.147 ± 0.016 * * , * * * 0.099 ± 0.041 * * * s Significant difference ( p < 0.05) between control group and control + extract group * , control group and hyperlipidemic group * * , and hyperlipidemic group and hyperlipidemia + extract group * * * . variance (ANOVA) was used by GraphPAD software version 1. 14 (1990) .
RESULTS
Hyperlipidemia was detected by measuring serum parameters as described in an earlier publication (Blázovics et al., 1993) and proven by morphological investigations. A minimal difference was observed between the rat hepatocytes of control and control + extract treated animals. Lipogenic diet and alcohol causes fatty degeneration. In comparison with normal liver structure, the periphery and sometimes the whole lobuli of the liver of the animals fed with a fat-rich diet showed diffuse degenerative hepatocellular changes under the lightmicroscopy. As a result, the structure was somewhat foamy, the cell borders were indistinct, and some cells were rounded and vacuolated. Nevertheless, no inflammatory reaction was observed.
In the electron photomicrographs of hepatocytes of the control animals, a large number of glycogen granules and sometimes very few small lipid droplets were found (Fig. 1) . The hepacotytes of animals fed with a fat-rich diet had variable appearance, which reflects, to some extent, the functional state of the cell. Some hepatocytes had a large number of small lipid droplets, whereas others had large ones in which the amounts of lipid granules were decreased. The decrease in the glycogen content of hepatic cells points to liver injury (Sotelo-Felix et al., 2002 ) . Glycogen was replaced by lipids in proportion to the decrease in quantity Popper and Schaffner, 1961) . In the cytoplasm of hepatocytes in the fatty liver large vacuoles can be seen, and the accumulation of various-sized lipid droplets up to 5 µm in diameter was observed (Fig. 2) . This alteration was ob- served both in the centrilobular and periportal areas. Figure 3 shows a part of a hepatocyte in a hyperlipidemic rat after the treatment with S. tectorum extract. Only a very small difference was seen compared with the liver cells obtained from the control animals. Most of the hepatocytes show normal appearance and the fatty changes almost reversed.
The element concentration in the liver is depicted in Table 3 . The literature data shows that the Al concentration of the normal liver is about 0.4 µg/g, and in the case of carcinogenesis, this value may be 3 times as high (Roider and Drasch 1999; Ogashi et al., 1994) . Significant differences were observed in Al, Ba, Ni, and Ti concentration for the 4 groups at the level of p < 0.05. Relatively low element concentrations were obtained in the control liver, and the concentrations of As, B, Cd, Hg, as well as Pb were below the detection limit. Upon the effect of the S. tectorum extract (control + extract), Al and Ti concentrations changed significantly only in liver ( p < 0.05). In the case of hyperlipidemia, a significant elevation of Al, Ni, and Ti concentrations were detected when compared with control livers. Although the alteration of Ba concentration between control and hiperlipidemic groups was not significant, it showed increasing tendency. The excretion of these elements seems to be blocked in fatty liver. Upon treatment with the S. tectorum extract (hyperlipidemia + extract), the concentration of Al, Ba, Ni and Ti in the liver decreased, and the alteration was statistically significant at p < 0.05 level. Although the extract contains relatively high amounts of Al and Ba, these elements did not accumulate in the livers of treated groups. Table 4 shows the element concentration in bile fluid. Significant differences were observed between the Al and B concentrations of the 4 groups at the level of p < 0.05. Most 
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SZENTMIHÁLYI ET AL TOXICOLOGIC PATHOLOGY elements (B, Ba, Cd, Hg, Ni, Pb, Ti) are measurable and are eliminated partly or totally by bile under normal conditions (control), except for Al and As, for which no data is available in the literature (Alfrey, 1991; Ballatori, 1991; Bin and Garfinkel, 1994; Rezuke et al., 1987; Underwood, 1977) . The concentrations of Al and As in the control group were below the detection limit. Changes in Ni concentration show significant variation ( p < 0.05) upon the effect of S. tectorum extract (control + extract). The other changes (increase in As, B, Ba, and Cd concentration and decrease in Hg concentration in the bile of control + extract compared with control) were not significant and, therefore, cannot be evaluated since only a tendency could be observed. In hyperlipidemic rats, the amount of Ba, Cd, Hg, and Pb in bile was decreased. The lower amount of these elements in the bile fluid of rats is due to a decrease in the liver-detoxicating function. The excretion of Al, B, Ni, and Ti into the bile fluid increased, although only the change in Al and Ti concentrations was significant ( p < 0.05). Following the administration of S. tectorum extract (hyperlipidemia + extract), the excretion of Al, B, Ba, and Hg increased, and the excretion of Cd, Ni, and Ti decreased. Only the change in concentrations of Al, B, Ba, and Ti was significant ( p < 0.05).
DISCUSSION
Hiperlipidemia in rats develops within 9 days. Our earlier experiments showed no need to extend the animal number from 5 to a greater number, since the laboratory parameters (ALP, GOT, GPT, GGT, total cholesterine, triglyceride, bilirubin, etc.) within 1 group were almost the same, and the standard deviations of the values were relatively small (Blázovics et al., , 1993a (Blázovics et al., , 1993b Kocsis et al., 2002) .
The toxic effects of Cd, Hg, and Pb on the liver have been well established. Cd, Pb and Hg in high doses may cause a fatty liver. The hepatocytes store micro lipid droplets and inflammation and necrosis were observed mainly in the center of lobules (Blázovics et al., 2002a) . At the same time, the fatty liver accumulates heavy metals that may be eliminated by bile (Szentmihályi et al., 2002a; Blázovics et al., 2002b) . We were interested in whether the liverprotecting S. tectorum extract is able to affect the process of element elimination. The extract contained Al and Ba in relatively high concentration, but no accumulation was observed for these elements both in the liver and bile.
In this short-term experiment, the changes in Al, B, Ba, Cd, Hg, Ni, and Pb, concentrations in the liver and bile upon the effect of a lipogenic diet, and S. tectorum extract were studied. Since As, Cd, Hg, and Pb concentrations in the extract were below detectable limits, and the concentrations of these elements in the liver did not change, no conclusion could be drawn from the insignificant variations of concentrations in bile (which are probably due to other metabolic alterations such as interactions-synergistic and antagonistic-of elements), and organic compounds in the extract and normal diet that may alter the absorption and utilization of elements.
Where the values measured in the liver were higher than the detection limit (Al, Ba, Ni, and Ti), the concentration changes were unambiguous, and significant differences were found for the 4 groups at p < 0.05 level. In hyperlipidemia, Al, Ba, Ni, and Ti concentrations increased compared with those of the control liver, and they decreased upon the effect of the S. tectorum extract.
In hyperlipidemia, the concentration of Al in the liver and also in bile significantly increased compared with that of the control liver. The elimination of Al occurs mainly through urine, and in the case of liver damage due to metabolic changes, the elimination of Al through bile may increase (Xu et al., 1991) . Ba concentration in the liver significantly increased, which led to Ba concentration decreasing in bile, while Ni accumulation in the liver did not seem to affect bile Ni concentration. So far, our knowledge of Ba excretion and elimination is insufficient. Based on the results of our experiments, Ba may be excreted mainly through bile. According to Edel and coworkers (Edel et al., 1991) , however, excretion takes place predominantly with the faces. Ni elimination occurs through urine and bile (Ishihara et al., 1991; Srivastava et al., 1990) . The greatly elevated excretion of Ti through bile may be attributed to its accumulation in the liver, and according to Merritt and coworkers, Ti is not excreted through the urine (Merritt, 1992) .
After treatment with the S. tectorum extract (hyperlipidemia + extract), Al concentration in the liver was higher than in the hyperlipidemic rat liver, while its excretion through bile further increased. Higher Al exposure by the Al content of the extract or due to Al elimination from the liver may cause higher Al excretion through bile, as reported earlier (Nieboer et al., 1995) . The elimination of B is similar to Al in that it is excreted via the urine (Underwood, 1977) . Although there was no accumulation of B in the liver throughout the experiment, the elimination of excess B (possibly from the extract) may take place partly through the bile, since B concentration increased in the bile. Ba, Ni, and Ti concentrations in the liver changed significantly and favorably. The change in concentration of these 3 elements in bile was very different. Ba concentration was elevated in the treated group as in the case of Al and B. Similar to Al, B, and Ba showed similar behavior and seem to be excreted mainly through the urine and partly through the bile. Ni concentration in bile fluids was fundamentally unvaried. Ti excretion decreased upon the effect of the extract, suggesting that there is regeneration of the liver and that Ti may be excreted mainly through the bile.
In this experiment, As, Cd, Hg, and Pb concentrations did not change significantly either in the liver or bile in all groups.
Although each change cannot be attributed solely to complicated element excretion through urine and bile or to reabsorption, the results suggest that normal liver function returns and that the extract may have a liver-protecting effect. The results obtained for concentration in the liver and bile confirm the data obtained from microscopic investigations.
